Thus, many methods have been reported for the spectrophotometric determination of nitrite. [5] [6] [7] [8] [9] [10] [11] [12] The catalytic methods having excellent sensitivity and sufficient accuracy without expensive or special equipment are most suitable for the determination of trace elements in natural water samples.
For nitrite determination, some catalytic methods have been proposed.
Okutani et al. proposed spectrophotometric determination of nitrite, based on its catalytic effect on the oxidation of 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid). 13 But iron(III) and copper(II) interfere seriously with the determination even when present in an amount as much as one-tenth of that of nitrite. Kadowaki et al. have developed an FIA method for determining 2 -100 µg l -1 nitrite based on the oxidative coupling of N-phenyl-p-phenylenediamine with N,Ndimethylaniline by bromate.
14 However, the reaction must be performed at a higher temperature (55˚C).
In this study, we propose a new kinetic method for the determination of nitrite by its catalytic effect on the oxidation of chlorpromazine (CP). In an acidic medium, CP can be oxidized by the action of several oxidizing agents to a red intermediate, which is further oxidized to colorless sulfoxide. 15 The red intermediate formation reaction using hydrogen peroxide as an oxidant has already been utilized for the catalytic determinations of iodide, 16, 17 iodate, 18 iron [19] [20] [21] and tungsten(VI). 22 Liang et al. proposed a catalytic determination of nitrite using the CP-hydrogen peroxide reaction in acetic acid medium. 23 The method having a detection limit of 3 µg l -1 was successfully applied to the determination of nitrite in rain and river water. However, iron(III) caused serious interference by showing a catalytic effect for the coloration reaction and the addition of both oxalic acid and ethylenediaminetetraacetic acid was required to mask the interference of iron(III); higher than 200% error was observed at 0.4 mg l -1 Fe(III) in the absence of the masking agents.
In our investigation of a nitrite-catalyzed oxidation of CP, it was found that in nitric acid solution nitrite catalyzed the red intermediate formation without any oxidizing agents except nitrate and that the interference of iron ion drastically decreased in the absence of hydrogen peroxide. Through the reaction, nitrite is not only regenerated, but also multiplied by nitrate. Thus we developed a simple, sensitive and selective method for the kinetic determination of nitrite. The resulting method, which has a detection limit of 1.2 µg l -1 , has been successfully applied to the determination of nitrite in natural water samples.
Experimental

Apparatus and reagents
A Japan Spectroscopic Co. V-530 UV/VIS spectrophotometer with a thermostated cell holder (40˚C) attached was used for the absorbance measurements. The temperature was controlled with a Shibata Science Instrument Co. control unit (CU-85) circulating thermostat bath. For the reaction, 1-cm glass cells were used. The reaction was initiated by the injection of a CP solution from a Gilson Pipetman (Model P-200). For mixing, a remote-controlled magnetic Acrobat stirrer (MS Instrument, Osaka, Japan) was installed at the side of the cell holder in the spectrophotometer.
The pure water was prepared by purifying distilled water with a Millipore Milli-Q SP system just before use. Reagent-grade chemicals were used throughout. A CP stock solution (0.005 M) was prepared by dissolving 0.179 g of chlorpromazine hydrochloride in water and diluting to 100 ml with water. The working solutions were prepared by diluting this solution with water. A nitric acid (8 M) solution was prepared by diluting concentrated nitric acid with water. A nitrite standard solution (1000 mg l -1 ) was prepared by dissolving 0.152 g of sodium nitrite in water and diluting to 100 ml with water. The solution was stored in the refrigerator and the working solutions were prepared weekly by diluting this solution with water.
Recommended procedure A 1.4 ml aliquot of sample solution (40˚C) was taken into a glass cell. The cell was placed in the holder at 40˚C and the contained solution was magnetically stirred. To the solution, 0.6 ml of 8 M nitric acid (40˚C) was added and the reaction was initiated by the injection of 0.10 ml of a 2.5 × 10 -4 M CP solution (40˚C). The absorbance change at 525 nm of the red intermediate was recorded against a pure water reference and the time that was required for absorbance to reach the maximum was used as a parameter for nitrite determination.
Results and Discussion
The oxidation of chlorpromazine by nitric acid and the catalytic effect of nitrite
In nitric acid solution, CP is oxidized by nitrate ion to form a red compound. The reaction can be followed by measuring the absorbance at 525 nm of the red compound. Since the red intermediate is successively oxidized to colorless sulfoxide, the absorbance of the red intermediate decreases after CP has been consumed.
It is well known that many equilibria can occur in nitrite-nitric acid solutions, which makes it difficult to elucidate the mechanism of CP-nitric acid reaction catalyzed by nitrite. In 1944, a reaction mechanism was proposed for nitrate oxidation of copper to copper(II) ion. 24 In the mechanism, nitrous acid was considered as the main species for oxidation of copper. If we assume that the mechanism is applicable to CP-nitric acid reaction, the following mechanism can be proposed: 
where, C17H19ClN2S is CP and C17H19ClN2SOH· 2+ is the red intermediate. Equations (1) and (2) show the blank and catalyzed reactions, respectively, and nitrite ion is regenerated and multiplied through Eqs. (3) and (4). As can be seen in Fig. 1 , the reaction rate of the red intermediate formation increased with an increase in the reaction time as the nitrite is multiplied. Since the time required for the absorbance to reach the maximum decreases with an increase in nitrite concentration, the value, tmax, was used as the measured parameter for the nitrite determination. As shown in Fig. 4 , the tmax value decreased exponentially with increasing in nitrite concentration and the nitrite concentration vs. log tmax plots become linear. The empirical linear relationship between log tmax and the nitrite concentration can be used for analytical purpose.
When the reaction was followed by measuring the increase in absorbance of the sulfoxide at 344 nm, it was observed that the sulfoxide formation reaction was preceded by a period of induction and started just before tmax (Fig. 2) . When hydrogen peroxide was used as an oxidizing agent, CP was not only consumed by the red intermediate formation reaction, but was also consumed simultaneously by a direct sulfoxide formation reaction without any coloration. 16, 17, 24 However, in the current 1438 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 reaction system, the direct sulfoxide formation could not be observed and almost all the CP can be used for the color formation. The coloration reaction, thus, can be followed at a lower concentration of CP, which is preferred for the current method, because a high sensitivity and rapid determination were realized around 10 -5 M of CP, as described later.
Effect of the reaction variables
The influence of temperature on the tmax was studied over the range 37 -50˚C, under the same other conditions in the recommended procedure (Fig. 3a) . A linear relationship was observed between log tmax and the temperature (Fig. 3(a)-1) . No significant change of sensitivity was observed over the investigated temperature range. On the other hand, the tmax values of both blank and nitrite solution decreased with an increase in temperature and the difference of the values between blank and nitrite solutions became small at higher temperature ( Fig. 3(a)-2) . However, at a temperature lower than 40˚C, the time required for a single kinetic run became longer. A temperature of 40˚C was thus chosen for the procedure. The temperature, 40˚C, is convenient for adjusting throughout the year. As shown in Fig. 3(b)-1 , the higher sensitivity was observed at lower CP concentrations. However, the tmax decreased with decreasing in CP concentration and the determinable range became narrow (Fig. 3(b)-2) . A CP of 1.2 × 10 -5 M was chosen. Figure 3(c) shows the effect of nitric acid concentration on tmax. Similar behavior with that of temperature was observed and the sensitivity did not change significantly over the range 2.0 -2.9 M nitric acid. A 2.3 M nitric acid concentration was chosen, because of the sufficient difference among tmax values and the rapid determination.
Calibration graph and reproducibility
A series of standard solutions of nitrite was treated as in the recommended procedure. The resulting graph is shown in Fig.  4 . The equation of the line was log tmax = 2.39 -7.8 × 10 -3 [NO2 -] and the correlation coefficient was r 2 = 0.999. The relative standard deviations for 6 replicate determinations of 40 and 100 µg l -1 nitrite were 4.7 and 1.8%, respectively. The detection limit of this method (3σ) is 1.2 µg l -1 of nitrite.
Effect of foreign ions
The effect of various ions on the determination of 60 µg l -, Br -(10); As(V), As(III), Hg(II), Se, Sb(III), F - (1) . The interfering ions which show an interference at lower than 1 mg l -1 are listed in Table 1 . The interference of iron(III) was only 20% at 1 mg l -1 without any masking agent. The interference from iron(III) can be effectively avoided by the dilution of samples, since the content of iron ion in fresh water is usually lower than 1 mg l -1 : 20, 21, 26, 27 it was reported that most ground water collected in the Yonezawa district, Japan, contained <0.1 mg l -1 total iron. 28 The iodate and iodide ions interfere with nitrite determination at 0.1 mg l -1 order by showing a catalytic effect for the reaction. However, the contents of these ions are usually very low (<0.01 mg l -1 ) in natural water samples, 17, 18 so no separation and masking 1439 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 processes are required for the nitrite determination.
Determination of nitrite in natural water samples
In order to test the reliability of the present method, it was applied to the determination of nitrite in natural water samples. The determinations were made by using samples diluted at different times. The method was also checked by adding a known amount of nitrite to the samples. The results are shown in Table 2 . The values corrected for dilution showed good agreement, and good recoveries of added nitrite were obtained, ranging from 91 -104% (mean 99%). Recovery, %
